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Patients with cystic ﬁbrosis (CF) are characterized by an abnormal ventilation response that limits the exercise capacity. Exercise training
increases exercise capacity, decreases dyspnea and improves health-related quality of life in CF. Adherence to pulmonary rehabilitation programs
is a key factor to guarantee optimal beneﬁts and a difﬁcult goal in this population.
The aim of this study was to determine the physiological response during three Nintendo Wii™ video game activities (VGA) candidates to be
used as training modalities in patients with CF.
Method: 24 CF patients (age 12.6 ± 3.7 years; BMI 18.8 ± 2.9 kg m−2; FEV1 93.8 ± 18.8 %pred) were included.
All participants performed, on two separate days, 3 different VGA: 1) Wii Fit Plus (Wii-Fit); 2) Wii Active (Wii-Acti), and 3) Wii Family Trainer
(Wii-Train), in random order during 5 min. The obtained results were comparedwith the 6-minwalk test (6MWT). The physiological variables [oxygen
uptake (VO2), minute ventilation (VE), and heart rate (HR)] were recorded using a portable metabolic analyzer.
Results: During all VGA and 6MWT, VO2 reached a plateau from the 3rd min. Compared with the 6MWT (1024.2 ± 282.2 mL m
−1), Wii-Acti
(1232.2 ± 427.2 mL m−1) andWii-Train (1252.6 ± 360.2 mL m−1) reached higher VO2 levels during the last 3 min (p b 0.0001 in both cases), while
Wii-Fit (553.8 ± 113.2 mL m−1) reached signiﬁcantly lower levels of VO2 (p b 0.001). Similar effects were seen for the ventilatory volume (VE). No
differences in dyspnea and oxygen saturation were seen between the different modalities. All patients were compliant with all three Wii™ modalities.
Conclusion: Active video game are well tolerated by patients with CF. All the modalities evaluated imposed a constant load but were associated with
different physiological responses reﬂecting the different intensities imposed. Wii-Acti and Wii-Train impose a signiﬁcantly high metabolic demand
comparable to the 6MWT. Further research is needed to evaluate the effects of VGA as a training program to increase exercise capacity for CF patients.
© 2014 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.Keywords: Video games; Pulmonary rehabilitation; Exercise capacity; Physiological response and cystic ﬁbrosis1. Introduction
Cystic fibrosis (CF) is the most common autosomal recessively
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1569-1993/© 2014 European Cystic Fibrosis Society. Published by Elsevier B.V. Asystemic disease characterized by impaired mucus clearance
leading to chronic infective and inflammatory lung disease,
nutritional malabsorption due to pancreatic insufficiency, and
excessively salty sweat. These patients show a markedly reduced
exercise tolerance which is an independent predictor of survival
[2].
Cumulative evidence shows that pulmonary rehabilitation
(PR), particularly exercise training, improves exercise toler-
ance, through improving muscle function, respiratory musclell rights reserved.
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PR also improves residual volume, immune system function,
mucus clearance, bone mineral density [5] (preventing osteopo-
rosis) and appetite (improving the control of diabetes) in these
patients [3,4].
Therefore, PR is part of the usual care for patients with CF;
however, adherence to PR remains a challenge possibly due to
the demanding characteristics of the treatment for patients
with CF. Although there is little information on adherence to
exercise programs in CF, it has been suggested that adherence
to the complex and extensive treatment for CF is poor (below
50%) [6]; the main reasons for this being oppositional behavior,
time management difficulties, side effects, and patient–
provider miscommunication [7].
Home-based exercise training programs constitute an alterna-
tive to increase adherence to PR in patients with CF [8].
However, studies involving home-based exercise programs have
shown inconsistent results [9,10]. Exercise programs based on
video games activities (VGA) provide an alternative to motivate
and increase adherence to PR programs, especially in the young
population. One of the challenges is to achieve high training loads
needed to guarantee training effects [8,11]. A previous study has
shown that energy expenditure corresponding to high load
training can be achieved during VGA games in adult patients
with CF hospitalized due to an exacerbation [12]. Moreover,
several studies have suggested that VGA help to increase
physical activity levels in healthy children [13–16]. However,
little is known regarding the physiological response to VGA in
young patients with CF. Knowing the physiological response to
different modalities of VGA would help to select the appropriate
VGA to provide an efficient training load.
The purpose of this study was to assess the physiological
response of three Nintendo Wii™ video games activities (VGA)
with a particular focus on the load imposed by the different
exercise modalities in order to establish the most suitable
modality for training in patients with CF. We hypothesize that
Wii-Acti andWii-Train will impose the highest load in a constant
manner (constant work rate load) comparable to the physiological
response during a 6MWT, and therefore could constitute an
effective training modality to be incorporated in pulmonary
rehabilitation programs for young patients with CF.
2. Methods and measurements
2.1. Study group
Twenty four patients (sixteen male) age range between 7 and
18 years, with diagnosis of CF according to the CF consensus
statement [17] were recruited from a specialized CF-institution,
the CF Association in Madrid, Spain. All patients were clinically
stable without exacerbations of the disease in the previous six
weeks to the inclusion in the study. Each subject received routine
patient management including inhaled antibiotics for respiratory
infections (chosen on the basis of sensitivities of the pathogens
isolated from the sputum), chest physiotherapy, and nutritional
supplementation. Patients were excluded if they present clinical
evidence of cardiovascular, neuromuscular or osteo-articularcomorbidities that limit their participation in exercise programs.
Patients with evidence of colonization with resistant pathogens in
the previous six weeks to the inclusion in the study were also
excluded. The protocol was approved by the Human Subjects
Review Committee of The University Pompeu Fabra, Spain.
Written informed consent was obtained from all the patients over
14 years old or parents (when children were under 14 years old).
2.2. Study design
This is an observational study to compare the physiological
responses of three different VGA exercise modalities with those
obtained during a conventional clinical exercise test, 6MWT.
Participants performed the different exercise modalities (three
VGA and two 6MWT) in random order during two days within
a minimum of 30 min of resting period between them. Each
exercise protocol was supervised by the same physiotherapist.
2.3. Assessment
All patients had the following baseline assessments:
a) anthropometric measurements, b) oxygen saturation (SpO2),
c) heart rate (HR) and, d) spirometry.
Body weight and height were measured using an electronic
scale and a telescopic measuring rod (Seca 220, SECA. Hamburg,
Germany), and the body mass index (BMI) was calculated as
the weight in kg divided by the square height (in meters).
Spirometry was performed according to standard spirometric
techniques [18] using a portable spirometer (Spirobank USB®,
MIR. Rome, Italy).
2.4. The 6-minute walk test
The 6MWT was performed following the ATS recommen-
dations [19]. Briefly, participants sat quietly on a chair for
10 min while basal measurements were recorded. Patients were
asked to walk as fast as possible during the 6 min. Standardized
encouragement was given after each minute. Two tests were
performed and the highest walking distance (6MWD) was
recorded. There was always 60 min of rest before each test.
Results were shown as the distance in meters covered in the 6 min
and as percentage of predicted values using equations developed
for Caucasian children and adolescents [20,21]. Oxyhemoglobin
saturation (SpO2) was monitored using a pulseoximeter (GE
Datex Ohmeda Tuffsat, GE Healthcare, Finland).
2.5. Video game activities (VGA)
A Nintendo Wii™ was used to provide the three different
individualized VGA modalities:
a) Fit Plus Platform (Wii-Fit). Consists of 5 min of aerobic
exercise using the game FIT PLUS© which mobilized arms
and legs following a rhythmic sequence game instruction.
The game uses a peripheral platform,Wii Balance Board, on
which the player stands during exercise. The game features
aerobics and balance exercises that require coordination of
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and sounds.
b) Active Platform (Wii-Acti). Consists of 5 min of aerobic
training using the game EA SPORTS™ ACTIVE designed
to improve muscular strength, body endurance and flexibil-
ity (running, up the knees, butt kickers, etc.). The game uses
a strap pouch to hold the Nunchuk controller that detects the
lower body movements. The game features a number of
exercise options supervised by a virtual personal trainer. The
intensity of the work can be modified by changing the
difficulty levels of either a single exercise or the entire routine.
c) Family Trainer Platform (Wii-Train) (Fig. 1). Consists of
5 min of aerobic training using the game FAMILYTRAINER
EXTREME CHALLENGE© which uses a mat controller to
detect pressure changes and provide a full-body workout
gaming in an extreme sports event like, intense pick-up and
play activities (patients must jump, change to lateral positions,
run or stop, to avoid crashing with different objects).
We based the selection of these three VGA on the following
criteria: a) price and accessibility (they are common VGA easy
to buy in the market); b) they impose global type of exercise
(implying upper and lower extremities); and c) the patient's
preference (we look for getting themaximum adherence depending
on the age of the patient).
2.6. Exercise physiological response assessment
During 6MWT and the three VGA, oxygen uptake (VO2),
minute ventilation (VE), heart rate (HR) and respiratory rate (RR)Fig. 1. A young patient with cystic fibrosis performing one of the VGA on the
Wii™ platform while wearing the metabolic analyzer to assess the physiological
response during the activity.were recorded breath-by-breath using a portable metabolic cart
(Fitmate Pro, Cosmed, Rome, Italy). Patients breathed through a
facemask adjusted to the subject's face and checked for air leaks.
For the analysis, a smoothing process of the row data was done
and the mean of the last 15 s before each minute was taken.
Before and at the end of each test, patients were asked
to indicate their degree of dyspnea and leg fatigue using a
modified Borg scale [22]. Before and after each activity all the
parameters were recorded with the patient in the stand-up
position. The maximal theoretical HR (HRmax) was calculated
using the ‘208 − (0.7 × age)’ equation for children and adoles-
cents [23] and the maximal voluntary ventilation (MVV) was
calculated by multiplying the FEV1 by 35 [24].
2.7. Statistical analysis
Results were presented as mean ± standard deviation (SD).
The Shapiro–Wilk test was used to analyze the distribution of
the data.
To test whether the physiological variables (VO2, HR and
VE) reach a plateau during minute 3, 4 and 5 of the different
exercise protocols a Student t test was performed between minute
3 and 5. Differences in the physiological variables reached at the
end of each modality (average of the last 30 s) were compared
between the three VGA and the 6MWT using an ANOVA test
with Student–Newman–Keuls (SNK) as a post-hoc test.
A p-value b0.05 was considered as statistically significant.
Data analysis was performed with SPSS 17.0 (SPSS Inc.,
Chicago, Illinois, USA) and graphs were produced in Graphpad
Prism 5.0 (GraphPad Software Inc., San Diego, California, USA).
3. Results
Anthropometric characteristics and pulmonary function are
depicted in Table 1. From the twenty-four patients, twelve
were in primary school and twelve in secondary school.
Patients were relatively thin (BMI 18.8 ± 2.9 kg m−2), and
had a preserved lung function (FEV1 2.36 ± 0.74 L, 93.8 ±
18.8 %pred) and exercise capacity was assessed with the
6MWT (97.1 ± 7.3 %pred).
3.1. Physiological response during exercise protocols
During 6MWT and VGA oxygen uptake, VE and HR reached
a plateau from minute three onwards as reflected by the lack of
statistical difference between the average oxygen uptake, VE and
HR form the last 30 s of data collected during minute 3 and 5
(p = ns) (Fig. 2). This highlights the constant work rate nature of
all exercise modalities. To compare the intensity of the different
modalities we compared the values of physiological variables
during the last 30 s of the fifth minute of the different VGA and
the 6MWT (Table 2).
HR achieved at the end of the 6MWT (159 ± 15.5 bpm)
corresponded to 79.8 ± 7.7% of the maximal theoretical HR
(HRmax) of the patients [23]. In turn HR achieved during VGA
was 159.5 ± 14.1 bpm for the Wii-Acti corresponding to 80.1 ±
7.4% of HRmax; Wii-Train 163.5 ± 14.9 bpm corresponding to
Table 1
Patients characteristics.
Mean SD
M/F 16/8
Age (years) 12.6 ± 3.7
BMI (Kg·min−1) 18.8 ± 2.9
FEV1 (L) 2.36 ± 0.74
FEV1 (%pred) 93.8 ± 18.8
FVC (L) 2.8 ± 0.8
FVC (%pred) 95.8 ± 19.4
6MWD (m) 637 ± 46.9
6MWD (%pred) 97.1 ± 7.3
Data are presented as mean and SD. BMI: body mass
index; FVC: forced vital capacity; FEV1: forced
expiratory volume in the first second; 6MWD:
6 minute walking distance.
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Fig. 2. Physiological response during the different exercisemodalities. Physiological
response during the different exercise modalities. Panel A shows the oxygen uptake
(VO2), panel B heart rate (HR) and panel C minute ventilation (VE) response during
the three VGA (□, Wii-Fit;●Wii-Train; and▼Wii-Acti) and the 6MWT (■). The
dashed line shows the maximal theoretical heart rate (HRmax) (panel B) and
maximal voluntary ventilation (MVV) panel C. Error bars represent the SD.
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sponding to 62.4 ± 6.9% of HRmax) (ANOVA p b 0.0001 with
SNK post-hoc test) showing the Wii-Fit as the only modality
different in comparison to the other three (Table 2).
Wii-Acti and Wii-Train (1232.2 ± 427.2 mL m−1 and
1252.6 ± 360.2 mL m−1, respectively) showed a higher
(≅20%) metabolic demand (VO2) than the 6MWT (1024.2 ±
282.2 mL m−1) (ANOVA p b 0.0001), while the Wii-Fit
showed the lowest intensity (below 50% of the 6MWT)
(553.8 ± 113.2 mL m−1) (ANOVA p b 0.0001) (Table 2).
Minute ventilation during Wii-Fit (17.8 ± 4.6 L m−1, corre-
sponding to 23.9 ± 9.3% of the MVV) was significantly lower
than the VE during the other modalities, Wii-Acti (39.7 ±
15.1 L m−1, corresponding to 50.9 ± 15.8% of the MVV),
Wii-Train (42.5 ± 13.3 L m−1, corresponding to 53.4 ± 14.9%
of the MVV) and the 6MWT (33.6 ± 9.9 L m−1, corresponding
to 44.1 ± 14.7% of the MVV) (ANOVA p b 0.0001) (Table 2).
Oxygen saturation and dyspnea were similar between the
four activities while Wii-Fit resulted in less leg fatigue than
all other exercise modalities including the 6MWT (ANOVA
p b 0.05) (Table 2).
During all exercise modalities patients were able to sustain
the activity until the end of the protocol and no adverse event
was reported during and after any of the exercise modalities.4. Discussion
Our results demonstrate that young patients with CF and
preserved lung function could exercise at high intensities (close
to 75% of maximal theoretical heart rate) by using active video
game platforms.
The primary findings were: 1) Wii-Acti and Wii-Train
associated with high metabolic (VO2) demands in comparison
to 6MWT; 2) in each Wii™ game all physiological measured
variables reached a plateau from the third minute until the
end of the exercise reflecting the constant nature of the load
imposed and, 3) despite the high demand, both modalities
(Wii-Acti and Wii-Train) were sustained until the end of the
protocol and imposed the same level of dyspnea and leg fatigue
than the 6MWT.Since training intensities corresponding to 75–80% of maximal
heart rate are considered adequate to achieve training effects [11],
these VGA could be an interesting tool to be used in an exercise
training program to improve exercise capacity in these patients.
As observed by other authors in healthy people [16,25]
and adults with CF [12] VGA could induce high physiological
demands capable of producing significant training effects if used
regularly as a training method. Our study is, to our knowledge,
the first study directly assessing the metabolic demands during
VGA using a metabolic cart in a younger population of patients
with CF. A previous study by Kuys et al. [12] observed higher
energy expenditure estimated using a portable activity monitor in
hospitalized adults with CF during 15-min exercise interventions
using VGA in comparison to a conventional training method
(treadmill or cycle ergometer). However, no information regarding
oxygen uptake or ventilation was provided. One of the most
important factors which limit exercise in chronic respiratory
diseases is the ventilatory constraint. Our results demonstrate
that specific VGA could impose a high metabolic demand
Table 2
Exercise physiological response obtained during the VGA and the 6MWT.
6MWT Wii-Fit Wii-Acti Wii-Train
VO2 (mL m
−1) 1024.2 ± 282.2 553.8 ± 113.2* 1232.2 ± 427.2§¶ 1252.6 ± 360.2‡†
VE (L m
−1) 33.6 ± 9.9 17.8 ± 4.6* 39.7 ± 15.1¶ 42.5 ± 13.3‡†
VE/MVV (%) 44.1 ± 14.7 23.9 ± 9.3* 50.9 ± 15.8¶ 53.4 ± 14.9†
HR (bpm) 159.1 ± 15.5 124.3 ± 14.2* 159.5 ± 14.1¶ 163.5 ± 14.9†
HR/HRmax (%) 79.8 ± 7.7 62.4 ± 6.9* 80.1 ± 7.4¶ 82.1 ± 7.5†
SpO2 (%) 92.9 ± 3.6 94.5 ± 2.2 94.0 ± 3.3 93.6 ± 3.3
Dyspnea (Borg) 2.6 ± 2.3 1.4 ± 2.1 3.0 ± 2.8 2.7 ± 2.5
Fatigue (Borg) 2.8 ± 2.5 1.0 ± 1.3* 2.3 ± 2.1 2.8 ± 2.7
Data are presented as mean and SD and correspond to the averaged last 30 s of the fifth min during each activity. VO2: oxygen uptake; VE: minute ventilation; VE/
MVV: ratio minute ventilation/maximal voluntary ventilation; HR: heart rate; HR/HRmax: ratio heart rate/maximal theoretical heart rate; SpO2: pulse oxygen
hemoglobin saturation. Comparisons among groups were done using ANOVA and Student–Newman–Keuls as a post-hoc test.
Differences among the different exercise protocols: *Wii-Fit vs 6MWT, p b 0.0001; §Wii-Acti vs 6MWT p b 0.0001; ‡ Wii-Train vs 6MWT, p b 0.0001; ¶Wii-Fit vs
Wii-Acti, p b 0.0001; †Wii-Fit vs Wii-Train, p b 0.0001. No difference where detected in any variable between Wii-Acti vs Wii-Train.
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achieve a significant training effect while inducing a comfort-
able and sustainable ventilation response below the MVV.
Because high intensity training associates with better training
effects in comparison to low intensity training [26], our findings
constitute very relevant information and show that AVG can be
used as effective training modalities in this group of patients.
There is a need to adequately select the video games
according to the capacities and preferences of each patient. The
low level intensity observed during the Wii-Fit may suggest
that this may not be the first choice as a training modality if a
high intensity training load is pursued. However in special
situations, such as during an acute exacerbation of the disease
(or in more severe patients), a lower intensity may be preferable.
In fact, recent studies have shown that exercise training during
exacerbations is feasible and could help maintaining or even
improving exercise capacity avoiding the deleterious effects of
these acute events [27]. Therefore, a VGA inducing a lower
metabolic and respiratory demand could constitute an alternative
exercise modality during an exacerbation in patients with CF or
in more severe patients.
Interestingly, the physiological response obtained during all
the video games tested showed a plateau from the 3rd minute
onwards, reflecting the constant nature of the load imposed by
the exercise modality. This characteristic is similar to that
obtained during the 6MWT [28]. Constant work rate exercise
modalities have been shown to be effective to improve exercise
capacity in chronic respiratory patients [29] and our data
provide useful information on the intensity of these modalities
and reinforce their usability as a training modality. However,
further research is needed to demonstrate its ability to be used
as a training tool.
Another important aspect of the VGA is their interactivity.
Schneiderman-Walker et al. [10] observed a very good compliance
and positive self-reported attitude toward exercise when patients
were able to choose aerobic activities according to their own
individual interests in a 3-year exercise program. The results of our
study show that VGA could be used as an alternative training
strategy that can be implemented at patients' homes and is
adequate to the age and preferences of the young patients with CF.
The latter is key in order to motivate children to exercise and toincrease their physical fitness [30,31]. Routine exercise activities
using video games can be easily implemented in their daily life at
home and reinforce their attitude toward exercise [32]. Previous
studies have shown that VGA constitute an effective and enjoyable
training modality for adults who wish to decrease their BMI and
improve their fitness [14]. Chin et al. [33] evaluated the motivation
of children to play an interactive dance simulation video game at
home over a period of 12 weeks and found that multiplayer classes
may increase children's motivation.
One of the limitations of the study was the lack of an
incremental test to be compared with the tested VGA. This type of
test was not available at the time of the study. We used instead a
6MWT which is a standardized and valid method to assess
exercise capacity in young patients with CF and is widely used in
the clinical setting and in pulmonary rehabilitation [20,34] to
assess exercise tolerance. Moreover, there are available prediction
equations for the population included in this study [20]. The effect
of VGA to achieve improvements in exercise capacity was not
tested in this population and may be seen as a caveat of the present
study. However, the latter was beyond the scope of the present
study that was a preliminary study to explore the physiological
response of VGA.We are currently conducting a study to evaluate
the training effects of VGA in these patients. Another potential
limitation is the duration of the VGA. Some of the VGA are only
programmable for bouts of 2 to 5 min; therefore, it was not
possible to compare the physiological response during minute
6 of the 6MWT with the VGA. However, the physiological
response during all activities was stable fromminute 3 onwards
making possible to compare the response during minute 5
without compromising the results of the study.
In conclusion, exercising using an active video game produces
high physiological demands susceptible to produce training
effects in patients with CF. Provided that the game is appropriately
selected to achieve high intensities, the obtained physiological
responses are in the range of those producing effective training
effects.
Our results encourage studying the incorporation of these
exercise modalities in pulmonary rehabilitation programs for
patients with CF. Further research is needed to evaluate the
effects of VGA as a training program to increase exercise
capacity in patients with CF.
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